Inclusion of a persistence trait into the DairyNZ Forage Value Index (FVI) is an important step toward developing a holistic assessment of the relative value to dairy farm businesses of perennial ryegrass (Lolium perenne) cultivars. For the purposes of the FVI, 'persistence' was defined as the persistence over time of yield differences between diploid and tetraploid functional groups, and implemented (as an interim step) via two measures: a mean persistence scaling factor (µPS) and a relative pasture renewal cost (RRC). The values of µPS and RRC were estimated by analysing four long-term dry matter (DM) production data sets from across New Zealand, then applied to all cultivars in the 2019 FVI lists. Incorporating persistence reduced the difference in overall FVI value between tetraploids and diploids between $117 and $202/ha (depending on diploid heading date, and region), partially re-balancing the sharp rise in tetraploid values and rankings resulting from incorporation of the metabolisable energy (ME) content trait. Implementing persistence in the FVI at the ploidy level is the first step toward inclusion of cultivar-specific persistence information. This next step will require persistence data for cultivars, plus more information on processes and criteria used by farmers when they decide to renew pastures.
Introduction
In 2019, the DairyNZ Forage Value Index (FVI) lists for perennial ryegrass (Lolium perenne L.) cultivar/ endophyte combinations (hereafter referred to as 'cultivars') were expanded (from seasonal dry matter (DM) yield only) to include seasonal metabolisable energy (ME) content and persistence (Ludemann 2019) . The methods for including DM and ME traits have been described by Chapman et al. (2017) and Ludemann et al. (2018) , and the effects of including both traits on cultivar rankings have been reviewed by Ludemann et al. (2018) . The objective of this paper is to describe the method for incorporating the persistence trait in the index, and to compare the effects of adding this trait to seasonal DM yield in the first three years post-sowing plus ME content on FVI rankings. 'Persistence' is defined for the purposes https://doi.org/10.33584/jnzg. 2019.81.375 of the FVI as the persistence of yield differences among perennial ryegrass genotypes over time following pasture establishment (after Parsons et al. 2011 ). Both the ME and persistence traits are formulated within the index at the functional group level (heading date and ploidy for ME; ploidy only for persistence) rather than the individual cultivar level since comprehensive cultivar data for both of these traits are not yet available.
Data for the DM yield of multiple ryegrass cultivars for the first three years after sowing are available from the National Forage Variety Trial (NFVT) system (e.g. Easton et al. 2001 ) and are used directly in the FVI for the seasonal DM yield traits . However, there are very few data sets comparing longterm DM yield of ryegrass cultivars and these include only a small number of cultivars currently in the FVI. Recent publication of the long term DM yield of multiple cultivars in a range of environments (Chapman et al. 2015; Lee et al. 2017; Dodd et al. 2018a ) has enabled comparative analysis of trends in the persistence of yield among perennial ryegrass functional groups. The methods presented here are based on these data.
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Data for the DM yield of multiple ryegrass cultivars for the first three years after 40 sowing are available from the National Forage Variety Trial (NFVT) system (e.g. Easton et al. 41 2001) and are used directly in the FVI for the seasonal DM yield traits . The FVI-C equation was derived from FVI-B by including two elements which 59 determine the economic value of persistence: a) a mean persistence scaling factor (µ ) 60 describing a linear trend in DM yield over time (t) for i functional group in j region; and b) a 61 relative renewal cost for establishing a new pasture ( ) so that: 62 has a value between zero and one, and is derived from changes in DM yield beyond year 3 post-sowing. The general approach is shown in Figure 1 , using t = 10 which is the estimated mean life of dairy pastures under current management in New Zealand (Dodd et al. 2018b ) and therefore adopted as the default value of t for the persistence trait in the FVI as described below. For each cultivar in each long-term data set, the persistence scalar value (PS) was derived from the slope of a line connecting two points: a) the mean DM yield for years 1 to 3 (point A in Fig. 1) ; and b) the mean DM yield of the last 3 years of the available trial data (point B in Fig. 1 ). For each data set, the overall PS for diploid and tetraploid ryegrasses was calculated from the mean of all cultivars in the respective functional groups, and then multiplied by a discount factor (DF t ) to account for the diminishing value of DM (compared with its present value) after year 3 so that:
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where yr is the year the discount factor will be used and int is the interest rate 89 expressed as a proportion (set to 0.03). 90
For each cultivar in each data set, a pasture renewal cost was calculated as: 91
where ( ) is the present value of renewal costs for i functional group, and 93 is the number of years since sowing that i functional group would reach a yield 94 decline threshold that triggers pasture renewal. 95
Renewal costs were calculated using: a) the Pasture Renewal Calculator (PRCT 2017) 96 with updated cost assumptions from Askin and Askin (2016) where yr is the year the discount factor will be used and int is the interest rate expressed as a proportion (set to 0.03).
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Renewal costs were calculated using: a) the Pasture Renewal Calculator (PRCT 2017) 96 with updated cost assumptions from Askin and Askin (2016) Difference in renewal costs between diploid and tetraploid cultivars $120 105 is the number of years since sowing that i functional group would reach a yield decline threshold that triggers pasture renewal.
Renewal costs were calculated using: a) the Pasture Renewal Calculator (PRCT 2017) with updated cost assumptions from Askin and Askin (2016) ; b) an additional $120/ha establishment cost for tetraploids compared with diploids to account for the extra 8 kg/ ha recommended sowing rate for the former (Stewart et al. 2014 ) at a cost of $15/kg seed; and $0.25/kg DM average cost of the feed gap based on average economic values for autumn and late spring dry matter Ludemann (2019) . The resulting renewal costs are shown in Table 1 .
The yield decline threshold is an approximation of the point at which a farmer would decide to renew an old pasture. For the purposes of this analysis, we used the mean annual renewal rate for dairy pasture land of 10% (i.e. pastures are renewed, on average, every 10 years) reported by Dodd et al. (2018b) to interpolate 
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Trial location Ploidy
Year after sowing 1 2 3 4 5 6 7 8
Peer-reviewed article Table 3 Mean FVI ($/ha/year) calculated solely using seasonal dry matter (DM) yield ('FVI-A'), seasonal DM yield plus seasonal metabolisable energy (ME) content ('FVI-B'), and all three traits for three ryegrass functional groups in two dairy regions. (FVI-C) although the difference between the late season diploids and tetraploids was moderated by including persistence.
Dairy Region 1 Functional FVI-A FVI-B FVI-C Change in FVI Change in FVI when
Discussion
Poor persistence of newly-sown pastures is a significant concern of New Zealand dairy farmers. In the upper North Island region, farmers report low confidence in the performance of pastures beyond two years postsowing (Rijswijk & Brazendale 2016) . Data from an earlier survey (Kelly et al. 2011) indicates that ~ 20% of dairy pasture area in the Waikato and Bay of Plenty region is renewed annually implying pasture life is only 5 years on average, well below reported expectations of 10 years of pasture life from other regions (Daly et al. 1999 ). The high importance that farmers attach to persistence means that this trait must be included in the FVI otherwise the index will not be considered relevant to their needs. The inclusion of persistence in the FVI in 2019, using the methods described here, is an interim step until such time as the data required to move to the cultivar-specific level are available. The methods applied here to functional groups should be equally applicable to individual cultivars. The Irish Pasture Profit Index (PPI, O'Donovan et al. 2016 ) is the only other forage index that includes persistence as a trait. In the PPI, persistence is derived from the change in ground score (Camlin & Stewart 1978) for individual cultivars multiplied by a fixed coefficient of 1,683 kg DM/ha/year yield reduction per unit decline in ground score. Thus, the method used to include persistence in the FVI is similar to the PPI in the sense that it is related to the change in DM yield over time and the economic value of DM.
To date, a significant relationship between ground score and DM yield change has not emerged from New Zealand yield data sets, including the long-term trials used here (Dodd et al. 2018a ), hence the same method could not be applied in the FVI. Instead, the difference between ploidy functional groups in the rate of decline of annual DM yield from the mean of the DM yield measured in years 1 to 3 was used as a basis for deriving the persistence scalar values, https://doi.org/10.33584/jnzg.2019.81.375 emerged from New Zealand yield data sets, in 194 al 2018a), hence the same method could not b 195 between ploidy functional groups in the rate o 196 the DM yield measured in years 1 to 3 was us 197 values, µ . 198 It is acknowledged that the amount of 199 reported here is still meagre, and inadequate f 200
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estimates will evolve, at both functional group and cultivar levels, as more data accumulate.
In the meantime, there is evidence to support the separation of diploid and tetraploid functional groups for persistence. At the mechanistic level, there is an a prioi positive link between tiller populations and sward density (Matthew et al. 2000) and a negative relationship between perennial ryegrass ploidy level (n=2 or 4) and tiller density (e.g. Tozer et al. 2014) . There is also emerging empirical evidence of physical differences in sward structure that could pre-dispose tetraploids to greater risk of persistence failure (Tozer unpublished data; NZPBRA unpublished data) . As yet there is no evidence of differences among other functional groups (e.g. heading date) in physical sward persistence in pastures grazed by dairy cows in New Zealand.
The persistence scalar, uPS, has two effects in equation FVI-C. Firstly it scales yield downwards for both functional groups from year 4 on (equation 1), such that the FVI $ value of yield is reduced by 25%. Thus, the total yield for the life of the pasture (years 1-10 for diploids, in this case) is 0.75 of the yield in years 1 to 3 inclusive (depicted by point D in Figure 1 ). The effect is seen most clearly for mid-season diploids in Table 3 since they are assigned a performance value of zero for ME (Ludemann et al. 2018 ) and do not incur
